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FOREWORD
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and Inorganic ?elﬁmers“. It was administered under the direction of the
Alr Force Materials Laboratory, Air Force Systems Command, Wright-
Patterson Air Force Base; Ohio, with B:} T. E. Helminiak as Project
Scientist,

The report covers the work conducted from September 1972 to April 1973.
This manuscript was released by the authors in May 1973 for publication as
a technical report. ’
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ABSTRACT

The solubility of high temperature polymers is an extremely
important property governing, in many cases, the extent to which a
polymer can be utilized. For poly(meta-phenylene bibenzimidazole),

PBI, N,N~dimethyl acetamide (DMAC) has been a useful solvent; however,
the solubility of the polymer is enhanced by the addition of lithium
chloride and this procedure is used in the prepa;ation of fiber spinning
dopes for PBI. Lithium chloride also influences physical properties
such as the dilute and concentrated solution viscosities of PBI as well
as conductivities. In order to obtain a better understanding of these
molecular interactions, the proton magnetic resonance spectra of PBI
solutions ‘has been investigated.

The proton magnetic resonance spectra of poly(meta—phenylene
bibenzimidazole) and model compound, 2,2'-diphenyl-5,5'bibenzimidazole,
in N,N'-dimethylacetamide have revealed a large downfield shift of the
benz proton singlet in the polymer as compared to the model compound.
Lithium chloride haé been shown to have a concentration deﬁendent effect
on this chemical shift, increasing the shift through a maximum and then
decreasing at higher concentrations of lithium chloride. Similar effects
have been found for lithium bromide. These chemical.shift changes are
attributed to conformational changes in the polymer and can provide a
measure of the degree of expansion of the macromolecule.

This informétion indicates thét the conformation of PBI in solution

can be altered by manipulation of lithium chloride concentration, and
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thus provides a potential route to the preparation of aniscotropic films

and fibers having enhagceé physical properties.
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I. INTRODUCTION

The polymer (meta-phenylene bibenzimidazole)(l), PBI, (See Figure
1), is soluble in N,N~dimethylacetamide (DMAC)(Z) and solution properties
in this solvent have been reported(3;4). Although DMAC is a good
solvent for PBI, the addition of lithium chloride to PBI-DMAC solutions
increases the solubility of PBICZ) and prevents its precipitation from
concentrated solutions(®). Intrinsic viscosity measurements have shown
that the addition of LiCl to DMAC solutions of PBI markedly influences
their viscosity behavior (3:4) and recent conductivity studies of PBI-
DMAC-LiCl solutions have demonstrated interactions between PBI and LiCl

(6). When the ratio of LiCl

which are concentration dependent to a limit
to PBI is increased beyond a value of 0.13 gm LiCl/gm PBI, no additional
changes in conductivity are observed.

In order to obtain a better understanding of the interactions between
PBI, DMAC, and LiCl, proton magnetic resonance spectra of polymer solutions
and several model compounds were investigated. The effect of LiCl1, LiBr,

LiF, ZnCl,, and NH,C1 on the spectra of solutions was studied.

1II. EXPERIMENTAL

The proton magnetic resonance spectra were obtained using a
Varian A56/60 Nuclear Magnetic Resonance Spectrometer. When necessary,
spectral intensities were enhanced by multi-scan averaging using a

Varian 620/i computer interfaced with the spectrometer.

-1-
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The crude polymer was purified as described previeus}y{é} except
that the final washing was with benzene and the polymer was freeze dried
from a benzene slurry. The PBI~LiCl solutions were prepared by mixing a
9% wt/vol polymer solution in DMAC with varying quantities of a IMolar
solution of LiCl ian DMAC. The solutions were diluted with DMAC maintaining
constant polymer concentration while varying the LiCl concentration.

III. RESULTS AND DISCUSSION

The proton magnetic resonance spectrum of PBI in DMAC shows the
solvent absorption, a multiplicity of peaks in the region from 7.5 to
9.3 ppm, and a broad NH peak at about 13.5 ppm downfield from tetramethyl-
silane (TMS5). 1In the region between 7.5 aﬁd‘9.3 ppm, the multiplet
centered around 7.8 ppm appears to be due to the protons of the phenyl
group. A doublet at 8.4 ppm and singlet at 9.3 ppm are due to the benz
protons of the benzimidazole group. Figure 2 shows the spectrum in the
region from 7.5 to 15 ppm from TMS.

The spectrum from 7 to 9 ppm of the model compound, 2,2'diphenyl,
5,5'bibenzimidazole is shown in Figure 3. The multiplet for the phenyl
protons occurs around 7.6 ppm, the benz protons are a singlet at 7.9 ppm
and a multiplet at about 8,3 ppm. The multiplicity of the absorption at
8.3 ppm indicates this absorption is due to the protons adjacent to each
other in the benz portion of the compound. The.small meta and para
coupling is not resolved giving the absorption at 7.9 ppm the appearance
of a singlet. The singlet for the benz protons is shifted downfield by
more than 1 ppm in the polymer as camparéd to the model cémpeand, the

other absorptions being only slightly changed.

-2—
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Upon addition of PBL, the C-methyl absorption of DMAC is shifted
downfield by about 0,025 ppm and the separation between the N-methyl peaks
is slightly decreased, indicating interaction between the polymer and the
carbonyl group of the solvent. A solution of approximately 1Molar concen-
tration of LiCl in DMAC shows that the C-methyl absorption is shifted
downfield by about 0.05 ppm compared to pure DMAC. There is a slightly
larger separation between the N-methyl peaks than in DMAC.

Figure 4 is a spectrum of 11% PBI in DMAC with a LiCl1/PBI ratio of
0.125. When LiCl is added to a DMAC solution of the polymer, the 9.3 ppm
peak appears further downfield until the ratio of LiC1l/PBI approaches
0.15. Upon further addition of LiCl this peak is then shifted upfield.
The doublet absorption is shifted downfield continuously at all concen-
trations of LiCl that were studied. Figure 5 shows a plot of the chemical
shift difference between the benz protons singlet and doublet absorptions
of the polymer as a function of the ratio of LiC1/PBI. As the ratio
increases the chemical shift difference becomes larger until a ratio of
about 0.15 is reached, after which the difference levels off and eventually
decreases. Figure 5 also shows a gsimilar effect obtained with LiBr. The
chemical shift difference is smaller with LiBr and the curve begins to
level off at a LiBr/PBI ratio of about 0.30.

The effect of DMAC-LiCl on a series of substituted benzanilides was
reported by Federov, et al.(7). They show a downfield shift of the NH
proton in DMAC-LiCl as compared to the shift in DMAC. They attribute the
shift to interaction between the chloride anion and the NH proton of

benzanilide.
-3-
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LiCl and LiBr have been shown to affect appreciably the spectrum
of pyriéine{g), both for the pure compound and for aqueous pyridine
solutions. Larsen explains the results as being due to interactions
between the nitrogen non-bonding pair of electrons and LiCl (or LiBr)
which affects the quadruple coupling between nitrogen and the élpha
protons of pyridine,

The addition of LiCl to DMAC solutions of Senzimidazcie causes an
upfield shift and decrease In line width of the imidazole CH and an upfield
shift of the beta phenyl protons. These results are consistent with
formation of a complex between nitrogen and LiCl which would decrease
the electron density at the alpha carbon and affect N-H coupling. However,
the coupling between the CH and the benz protons which is evident in the
spectrum of benzimidazole in CDCly is absent in the spectrum of this
compound in DMAC. Exchange effects with the solvent or interaétion with
the chloride anion will have to be studied further.

When LiCl is added to solutions of 2,2‘éiphenyl—5,5‘bibeazimidazole
(See Figure 1), the separation between the benz proton singlet at 7 g ppm
and multiplet arocund 8.3 ppm is observed to increase. The multiplet
shifts downfield. These results are similar to those observed for the
polymer, except that no reversal in the chemical shift difference between
the benz protons is observed; even at molar ratios of LiCl to model

compound of 3 to 1.
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Of the other salts used in this study, only NHACI appeared to
have an effect on the benz protons chemical shifts. Its solubility
in DMAC is too low to determine concentration effects but an increase
in the chemical shift difference of the benz protons of the polymer
was noted when a saturated solution of NH,Cl in DMAC was added to a
polymer solution. LiF is only sparingly soluble in DMAC and no change
in the benz protons was observed with a saturated solution. ZnCl, in
DMAC also produced no change. This compound and DMAC are known to form
a complex ZnCl,-2 DMAC®),
Iv. CONCLUSIONS

The large downfield shift, observed in DMAC solutions, of the benz
proton singlet in the polymer as compared to the model compound (9.3 ppm
and 7.9 ppm respectively) is indicative of interactions with neighboring
groups in the coiled macromolecule which cause this proton to be deshielded
relative to a proton in a similar electronic environment in the low
molecular weight model compound. The chemical shift of this proton in
the polymer should, therefore, be sensitive to changes in conformation
of the coiled macromolecule. The effect of LiCl on this chemical shift,
and, in particular, the reversal from a downfield shift to an upfield
shift with increasing quantities of LiCl indicate that LiCl is causing
an expansion of the macromolecule reaching a maximum. The reversal
in chemical shift with increasing quantities of LiCl occurs at a LiC1l/PBI
gram ratio of about 0.15, which is consistent with reported viscosity
data(4), showing a decrease in viscosity at high.LiCl/PBI ratios, and

~5m
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with conductivity studies for the same,systemié}. Thig reversal in
chemical shift is occurring at approximately 1 mole of LiCl per repeat
unit of the PBI.

The mechanism for the interaction between LiCl and PBI in DMAC
has not been definitely established. The changes in chemical shift of
the DMAC zbsorptions upon addition of PBI show that there are interactions
between the solvent and polymer, The spectra indicate that PBI interacts
with DMAC, probably through hydrogen Bonding. LIC1 also interacts with
DMAC causing changes iIn the sclvent absorptions. The changes are similar
to those observed for DMAC metal salt csmplexes{lg} in which coordination
of the metal through the carbonyl oxygen occurs. Although no crystalline
complex of DMAC and LiCl (or LiBr} is known, a crystalline complex of
water, N-methyl acetamide and LiBr has been isclated(ll). Coordination
between Li and the carbonyl group is indicated in this compauﬂd. Licl
and LiBr are known to act as denaturants in aqueous protein sclutienscli}
and apparently affect hydrogen bonding in the peptide chains of these
molec#ies. Since the spectra show that PBI interacts with DMAC, probably
through hydrogen bonding, the effect of LiCl on this hydrogen bonding
may account for the observed results in the PBI shifts. The crude
polymer is known to have bound water, and the effect of LiCl on residual

water in the polymer could be responsible in part for the observed changes.

The possibility also exists for direct nitrogen-lithium interactions.
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These results demonstrate that lithium chloride can influence the
conformation of PBI in DMAC solutions. This knowledge provides insight
to an approach for the orientation of highly extended macromolecules in
solution leading to the preparation of anisotropic films and fibers having

enhanced physical properties.
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